Treatment of Escherichia coli with bleomycin induced a dramatic increase in ATP concentration in the first 30 min. Afterwards, in RecA+ strains, ATP dropped quickly to values similar to those of untreated cells. Mutants of E. coli defective in either RecA protein or RecA protease activity did not show this decrease, indicating that it was due to the action of RecA protease. The increase in ATP in the first 30 min was dependent on RecBC exonuclease activity and must have been due to substrate level phosphorylation, since an uncoupler such as dinitrophenol did not affect it. Nevertheless, mitomycin C did not induce any change in ATP pools of RecA+ strains, at least during 120 min following treatment. The implications of these findings are discussed in relation to the possible pathways of activation of RecA protease.
INTRODUCTION
The recA and lexA genes play major roles in induced responses (SOS system) of cells that suffer damage to their DNA (Witkin, 1976) . This response is also dependent on ssb genes and includes mutagenesis, filamentation, inhibition of cell respiration, prophage induction and amplification of RecA protein (for a review see Little & Mount, 1982) . Expression of the SOS system is not an all-or-none process, since some SOS functions may be induced by some treatments but not by others (Guerrero & Barbe, 1982; Barb6 et al., 1983a) . The lexA gene product is a repressor of the recA and lexA genes (Brent & Ptashne, 1981 ; Little et al., 1981) as well as of several SOS genes which specify the functions cited above. Little & Mount (1982) have presented a model for the regulation of the SOS response : the recA gene product is activated by some signal such as singlestrand DNA fragments generated by DNA damage, and acquires proteolytic properties enabling it to cleave the LexA protein repressing the recA gene. This derepression leads to the formation of large amounts of RecA protein, which upon activation cleaves the LexA proteins repressing the target genes and causes the induced systems to become functional. In a surviving cell, DNA repair decreases generation of the signal for activation of the RecA protein so that the protease level decreases, repressors accumulate, and all induced genes become repressed.
We have shown (Barbe et al., 19836) that in Escherichia coli UV irradiation induces a twofold increase in the ATP concentration in the first 20min, which is dependent on RecBC exonuclease activity and is due to substrate level phosphorylation. Furthermore, in RecA + strains the ATP concentration drops quickly below values of non-irradiated cells. This decrease in ATP must be attributed to cleavage of LexA repressor by RecA protease because it is not shown by mutants of E. coli defective in RecA protein or with either RecA protease activity deficient or protease resistant LexA repressor. Nevertheless, production of cellular ATP after induction of the SOS system by continuous treatment with chemical agents such as bleomycin and mitomycin C has not, to our knowledge, been reported. For this reason, we have performed the present study, and we have found that bleomycin gives rise to the same behaviour as UV irradiation, whereas mitomycin C does not produce any change in the ATP concentration of RecA + strains. The possible causes and implications of these results are discussed.
METHODS
Bacrrriu, grm-th condirions andmutagenic treutment. Bacterial strains used in this work are listed in Table 1 . They are all E. coli K12 derivatives. Cultures were grown with shaking to 2 x lo8 cells ml-in LB medium (Miller, 1972) : at this point, bleomycin or mitomycin C was added and incubation was continued at 37 "C.
Determination of'ceN size. Cell size was determined with a Coulter counter model ZBI equipped with a 30 pm
orifice. An attenuation setting of I , aperture current setting of 3 and a lower threshold of 5 were used for all counts.
Periodically. culture samples of 0-5 ml were added to 25 ml of filtered Isoton I1 (Coultronics). These samples had been previously diluted in physiological Ringer solution to keep the particle counts between 7000 and 50000 per 50 pl. Determination uf intracellular ATP concentration. After bleomycin, mitomycin C and/or dinitrophenol addition, culture samples of 1 ml were added to4 mlO.025 M-Tris/HCl buffer (pH 7.75) and boiled in a water bath for 5 min; the suspension was centrifuged for 10 rnin at 4 "C and 8000g. ATP present in the supernatant was immediately measured by the firefly luciferin-luciferase assay (Chapman er al., 1971) .
Chemicals. Mitomycin C was obtained from Sigma and bleomycin from Almirall Laboratories (Barcelona, Spain); dinitrophenol and mineral salts were from Merck; and tryptone, yeast extract and agar were from Oxoid.
R E S U L T S
The response of intracellular ATP concentration in RecA + strains of E. coli after bleomycin or rnitomycin C treatment is shown in Fig. 1 . Under these conditions, during the first 30 min an increase occurred in the ATP concentration of RecA + cells treated with bleomycin. Afterwards, the ATP concentration dropped to values similar to those of untreated cells. In contrast, RecA + cells treated with mitomycin C showed no change in ATP concentration up to 120 min after addition of the compound. However, the red-dependent inhibition of cell division had already been induced by mitomycin C between 20 and 30 rnin after the addition of the chemical (Fig. 2) .
This behaviour of the ATP concentration during mitomycin C treatment could be explained if, in these conditions, the cells had an equilibrium between ATP production by substrate level phosphorylation (Barbe et al., 19836) and ATP degradation as a consequence of the activity of RecA protein. To test this possibility, we studied changes in ATP concentration in r e d 1 3 (RecA defective protein), recA430 (RecA protease activity defective) and recB/C (exonuclease V defective) mutants following the addition of bleomycin or mitomycin C . Figure 3 shows that although both recA430 and r e d 1 3 mutants showed an increase in the concentration of ATP after bleomycin treatment, neither (unlike the RecA + strain) showed the post-30 rnin fall (Fig.  1) . Figure 3 also shows that the increase in ATP concentration induced by bleomycin was dependent on recB/C activity, as it was in the case of UV irradiation (Barb6 et al., 1983b) .
In contrast with these results, recA 13, recA430 and recB/C strains did not show any variation in ATP concentration during 50min after addition of mitomycin C (Fig. 4) . Nevertheless, between 50 and 60 rnin following treatment with this compound there was an increase in ATP concentration in both recAZ3 and red430 mutants and a decrease in the ATP concentration of the recBjC mutant. These results suggest that the constant intracellular concentration of ATP in a RecA + strain following mitomycin C shock has two different origins: during the first 50 min it should be independent of recA and recB/C activity, whereas from this time on it should be dependent on the function of both genes.
We previously suggested that the increased ATP Concentration following UV irradiation must be attributed to substrate level phosphorylation (BarbC et al., 1983b) . To determine the origin of ATP following mitomycin C and bleomycin treatments, we studied the effect on the ATP concentration of the uncoupler dinitrophenol (DNP). Figure 5 shows that DNP had no effect on the concentration of ATP in RecA + cells treated with bleomycin. Furthermore, in the first 50min a RecA+ culture, growing in the presence of 250p~-DNP, when treated with mitomycin C had the same concentration of ATP as an untreated control culture (Fig. 6) . Subsequently, the ATP concentration in cells to which mitomycin C had been added became higher than that in untreated cells. This fact suggests that, 50min after the addition of mitomycin C, a fraction of the ATP present in the cells must be attributed to substrate level p hosp horylation.
DISCUSSION
These results indicate that, like UV irradiation, bleomycin gives rise to a recB/C-dependent increase in ATP concentration during the first 30min after addition. Beyond this point, the concentration drops quickly to that of untreated cells in a RecA+ strain. Nevertheless, mitomycin C did not induce any change in ATP concentration in RecA+ cells, at least for 120 min. Furthermore, in r e d 2 3 and recA430 mutants, mitomycin C produced an increase in ATP concentration after 50 min, whereas in a recB/C mutant the ATP concentration began to fall at this time. Data obtained with these three mutants suggest that in the presence of mitomycin C , during the first 50 min RecA protein does not need ATP to induce SOS functions. The response to bleomycin (Figs 1 and 3 ) and UV irradiation (Barbi et al., 1983b) is different. (Fig. 4) , through both oxidative (Barbe et al., 1 9 8 3~) and substrate level phosphorylation (Fig. 6 ). In this context, an interesting point is why some SOS functions such as filamentation may be expressed following mitomycin C treatment (Fig. 2) without r e ddependent ATP hydrolysis (Fig. 3) , 1981) . This last result suggests that RecA protein does not always require hydrolysis of ATP to support protease activity. However, after expression of SOS functions, specific lesions produced by mitomycin C would be repaired and, in consequence, some fragments of DNA might be generated by exonuclease V degradation. Afterwards, these fragments could be used to produce ATP by substrate level phosphorylation. The observation that both r e d 13 (recombination defective) and recA430 (recombination proficient) mutants show an increase in ATP concentration 50 min after mitomycin C addition, suggests that during this time ATP hydrolysis takes place which is dependent on red-protease activity, but not on a recombination process. This situation could be attributed to two factors. One would be that some molecules of the RecA protease population use ATP as a cofactor, despite the presence of mitomycin C. The second would be that after approximately 50 min, there is the expression of some red-dependent activity which could require ATP hydrolysis. Further investigations will be necessary to clarify this particular aspect of SOS system induction by mitomycin C.
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